Consideration upon Importance of the Impurities Removal from Natural Gas by Safirescu, Călin Ovidiu et al.
  
A Review 
 
Consideration upon Importance of the Impurities Removal 
from Natural Gas  
 
SAFIRESCU Ovidiu Călin, Antonia ODAGIU, Petru BURDUHOS* 
 
Received 18 January 2016; received and revised form 16 February 2016; accepted 5 March 2016 
Available online 30 March 2016 
 
 
Abstract 
 
This study aims to emphasize the issues, which concerns the reasons that make impurities removal from the natural 
gas, a necessity. Even though the methane represents about 80% of the natural gas, saturated, and unsaturated 
hydrocarbons, and impurities, are also constituents of this important fuel deposits. Because removal of the liquid and solid 
impurities from the natural gas is a necessity, technological tools are developed in order to be achieved, and this process 
is governed by national and international norms, and regulations. The theoretical approach was used in order to highlight 
the harmful effects of the impurities identified in natural gas upon both natural gas quality, conditioning technology, and 
transport infrastructure. 
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1. The natural gas 
 
If talking about natural gas, one is tempted to 
think it may be considered synonym of methane, and 
this is partially true, because, it often exceeds 80% 
vol. of gas deposits [1]. Thus, natural gas has in 
composition methane (CH4), but also hydrocarbons 
and mixtures of other organic compounds [8], and 
nonorganic gaseous compounds (e.g. nitrogen, 
carbon dioxide, etc.) [6].  
The hydrocarbons, other than methane, are 
methane homologous [8], which occur in natural gas, 
as both, gases at atmospheric pressure and also as 
liquids under higher pressure [6], of different 
sources, production and types (Fig. 1).  
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They may be classified in light and heavy 
(hydrocarbon gas liquids – HGL), function of the 
number of carbon atoms in their molecule (C1 – Cg 
light, more than C7 heavy).  
They may belong to saturate hydrocarbons 
(alkanes/paraffin), and unsaturated hydrocarbons 
(alkenes/olefins). 
The alkanes are represented by: ethane (C2H6), 
propane (C3H8), butanes, meaning normal butane and 
iso-butane (C4H10), and natural gasoline or pentanes 
(C5H12), and heavier. The alkenes are represented by: 
ethylene (C2H4), propylene (C3H6), butylene and iso-
butylene (C4H8).  
Thus natural gas plant liquids (NGPL), which 
belong to alkane’s category [6] and liquefied refinery 
gases (LRG), are characterized by high energy 
density and versatility, and they are components of 
both raw natural gas and crude oil.  
The above mentioned compounds have no 
odor and no color.  
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NGL – natural gas liquids; NGPL- natural gas plant liquids; LRG - liquefied refinery gases; HGL – hydrocarbon gas liquids; RO - refinery olefins 
 
Figure 1. Sources, production, and types of hydrocarbon gas liquids 
(Adapted according to http://www.eia.gov/energyexplained/index.cfm/data/index.cfm?page=natural_gas_home [7]) 
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For this reason, gas odorization is practiced, in 
order to be identified when gas leaks occur. Sulfur 
compounds based substances, with unpleasant smell 
(e.g. ethanethiol), are usually used with this purpose 
[8]. 
If talking about the origin of natural gas, 
mineral and biogenic theories must be taken in 
consideration. Each one explains the formation of 
natural gas, considering different factors as essential 
for the process development [8].  
According to the mineral (abiogenic) theory, 
the natural gas formation is the result of processes 
occurred between inorganic components located on 
the supermagmatic earth strata [1].  Thus, taking into 
account the concepts of this theory, gas and oil 
deposits are the result of the process, which took 
place billions of years ago, when fossil minerals 
combined within the Earth rock beds. This process 
was accompanied by a degassing one, with releasing 
of hydrocarbons located at great depth as 
consequence of different pressures of the Earth inner 
layers [1, 8, 5]. 
The other theory, the biogenic one, also says 
that the process of gas formation took place billions 
years ago, but as result of the degradation of organic 
matter (plants, tiny sea animals, etc.).  
On one hand, dead organisms located on the 
bottom of water resources, in time, were submitted to 
decomposition processes, which took place in 
conditions of vacuum, and after suffering these 
degradation process, also due to temperature and 
pressure in situ conditions, they were transformed in 
natural gas and crude oil [8, 5].  On the other hand, 
those dead organisms located on earth were 
decomposed as result of their burial under rocks and 
sand, and while more and more rocks, sand, mud, and 
dead plants layers are superposed, the degradation 
process evolved, being favourised by temperature 
and pressure conditions. Thus, according to biogenic 
theory, the result was the formation of natural gas and 
crude oil [8, 5]. 
 
2. The natural gas purifying process 
 
Besides combustible components, natural gas 
contains unwanted components, meaning impurities, 
which may reach the systems of transport – 
distribution – combustion – processing [2].  The 
removal of the impurities form natural gas is 
necessary from a series point of views, as follows [3]: 
 In order to increase the calorific power of the 
concerned gases and diminishing of the 
transport energetic consumption (e.g. 
removal of the carbon dioxide, and nitrogen);  
 In order to avoid corrosion and accomplish 
the restrictions imposed by the pipeline 
transport (e.g. the elimination of the carbon 
dioxide, hydrogen sulfide, mercaptans, and 
carbon oxysulfur); 
 In order to avoid the formation of 
cryohydrates (e.g. he elimination of the water 
vapors); 
 In order to eliminate the sulfur compounds, 
with the aim of accomplishing the severe 
restrictions concerning the sulfur dioxide, 
imposed by the environmental protection 
norms, concerning the combustion gases 
resulted as consequence of using the natural 
gas as fuel (e.g. hydrogen  sulfide, 
mercaptans, and carbon oxysulfur); 
 In order to prevent the synthesis of the 
carbonic snow, during the natural gas 
secondary procession, by cryogenic 
technologies, with the aim of the recovery of 
the C2+ fraction.  
For an appropriate functioning of the system of 
natural gas supplying, avoiding accidents occurrence, 
mitigation of the technical risk accompanying natural 
gas transport and distribution, as well as for a logical 
use and combination between these technological 
phases, the natural gas must be, first of all, purified, 
or it must be submitted to a combustion stage up to 
the quality required by the final consumer (Fig. 2). 
The solid residuals are taken together with 
natural gas during the extraction phase, and are 
constituents of the drilling mud (barite) and 
unconsolidated particles from the carrier rock. A first 
mechanical filtration must be performed at the gas 
probe or at the surface installations from the 
production fields located upstream the natural gas 
transport system [3]. 
The solid residuals contained by the natural 
gas may have different origin, as follows [4]:  
 Sand of rock debris entrained in the layer 
during eruption; 
 Sand or atmospheric dust buildup in 
different phases of extraction and pipelines 
fixing; 
 Corrosion products (oxides, sulfurs, etc.) or 
erosion products, during exploitation. 
The solid impurities from natural gas, produce 
the erosion of the pipelines and technological 
installations, premature attrition of the piston-
cylinder assembly and the gas compressor impellers, 
perturbation of the technological processes of the 
consumers, their processing within different 
chemical processes, decrease of the transport 
efficiency, the increase of the technological risk 
connected to the transport on the natural gas pipes. 
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Figure 2. The residue content and methods of residues removal from natural gas [3] 
 
 
The liquid residuals are entrained with natural 
gas because majority of productive gas deposits are 
in a stage of advanced exploitation, and in the 
meantime with the gas from the layer, an important 
salt water quantity of heavy fractions enter in the 
probe, and these may be found in the gas, in the end 
of extraction process In practice, both heavy fractions 
and water vapors contained by gas, in certain 
temperature and pressure conditions, condense and 
generate liquid deposits on pipes [3]. 
The liquid residuals must be retained before 
gas intromission in transport pipes, because: 
 Water deposits accumulated on pipes 
partially or totally obscure their sections, and 
this leads to the increase of the frequency of 
the pressure decreasing; 
 Favorable conditions for cryohydrates 
formation are created; 
 Their presence affects the quality of gas 
measurements procedure; 
 Conditions of transport pipes corrosion are 
created; 
 The gas calorific power at users’ terminal, in 
water presence, is much decreased, because 
part of it is consumed for water evaporation; 
 The equipment destined for drying, 
compression, regulation and measurement, 
may be affected by the occurrence of the free 
liquids. 
From considerations concerning the 
maintenance of the transport systems available in the 
industry of the natural gas, result the followings [3]: 
 The separation of the liquid fractions, as a 
component of the natural gas treatments, 
must be performed upstream the transport 
pipelines; 
 The mains of natural gas transport and their 
technological installations must be supplied 
with separators for liquid and/or solid 
impurities, due to the following reasons: 
 in order to compensate some 
deficiencies in gas separation and 
treatments, during extraction; 
 in order to eliminate the residual 
liquid from the mains remained 
there from the fitting stage, 
pressure  tests performed with 
water, or resulted from some events 
occurred on the natural gas 
transport pipes. 
 
3. The moisture removal from the natural gas 
 
The problem of moisture removal from 
natural gas must be approached in concordance with 
minimal natural gas quality requirements imposed by 
the Romanian regulations correlated with EU 
regulations, concerning: 
 The chemical composition of the natural gas 
Natural gas 
Chemical composition imposed 
by Romanian norms (Table 1) 
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from gas flow 
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SEPARATIO
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on 
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According to the Annex no. 5 from the ANRE 
Order no. 62/2008, concerning the approval of the 
Regulation for the measurements of the quantities of 
the natural gas traded in Romania [11], the minimal 
requirements for the traded natural gas, in points of 
entrance/exist, are those presented in Table 1. 
 
Table 1. The minimal limits of the chemical composition of the combustion natural gas [3, 9, 10]  
No.  Composition Content (molar %) 
1. Methane > 70 
2. Ethane <  10 
3. Propane <  3.5 
4. Butane <  1.5 
5. Pentane <  0.5 
6. Hexane <  0.1 
7. Heptane <  0.05 
8. Octane and superior hydrocarbons <  0.05 
9. Nitrogen <  10 
10. Carbon dioxide <  8 
11. Oxygen <  0.02 
12. Hydrogen sulfide <  6.8mg/m3 
13. Ethyl-mercaptan <  8 mg/m3 
14. Total sulfur by a short time period, without gases for chimization <  100 mg/m3 
 The water dew point (ºC): maximum of -
15ºC, at the pressure from the point of the 
commercial delivery/taking over, except 
delivery of natural gas to consumers directly 
connected to upstream collecting pipes, 
according to STAS 3317-67, Art. 3.1. [12]. 
 The hydrocarbons dew point (ºC): maximum 
of 0ºC, at the pressure from the point of the 
commercial delivery/taking over, except 
delivery of natural gas to consumers directly 
connected to upstream collecting pipes, 
 
 
according to STAS 3317-67, Art. 3.2. [12]. 
 The superior calorific power, with minimum 
admitted value of 7,840 Kcal/m3. 
 The maximum allowed temperature of 
natural gas: 50ºC. 
 The content of mechanical impurities with 
maximum allowed value of 0.05 g/m3. 
The real natural gas transported through the 
pipelines of the national transport system [13] have the 
standard chemical composition presented in Table 2. 
 
Table 2. The real chemical composition of transported natural gas [3] 
No. Composition 
Content expressed in % 
% volume % molar % mass g/m3N 
1 Methane 97...99 97...99 95...97 690...710 
2 Ethane 0.4...1.0 0.4...1.0 0.7...0.2 5...14 
3 Propane 0.15...0.35 0.15...0.35 0.45...1.00 2.5...7.5 
4 Butane 0.06...0.15 0.06...0.15 0.25...0.50 1.8...3.5 
5 Hexane 0.03...0.08 0.03...0.08 0.15...0.50 1.2...3.5 
6 Nitrogen 0.30...0.80 0.30...0.80 0.5...1.3 3.5...3.2 
7 Carbon dioxide 0.1...015 0.1...015 0.30...0.45 2.2...3.2 
8 Hydrogen sulfide 0.15...0.35 0.15...0.35 0.30...0.65 2.1...3.5 
The chemical composition of the combustion 
gas is systematically verified, by performing 
specialized chemical analysis. 
 
 
Conclusion 
 
Methane (CH4) is the main representative of 
the natural gas, which also contains saturated, and 
unsaturated hydrocarbons, and impurities. Both 
liquid and solid impurities must be removed from 
natural gas due to a series of reasons.  
Most important of the harmful effects of these 
impurities concern the erosion of the pipelines and 
technological installations, attrition of mechanical 
natural gas conditioning and transport infrastructure.  
In this respect, the present Romanian 
regulation in accordance with EU rules, state the 
limits of chemical composition of the combustion 
and transported natural gas. 
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